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“Passive” Exposure of Asthmatic Subjects to Cigarette 

Smoke 

y 
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Kninttii »vthm«ttiw tubjcciv volunteered Ttv a cunirotWd trial of 2-tir c cmH** wrc lt» 

cifarcltc itimtlc. Seven cifaretiev mere burnl in * closed room of capacity, pfinluv* 

in; a carbon nutmtikk ctmkcntrjrtiiHt ?4 fpnt nbtvc ambient and • vwvpenJcd (Mnicubtc 
concentration oT 2-4 mg■•» V Mint lyntpumyik rc»fkNh^ mere o in norma! individuals. 

Mil there mere more complainiv pf « heeling (36%' >and tipkmc«t in ihc ctest 143V). Change* 
of pulmonary function mere slight. Relative to the tiwrctponding cum rut c&pOMirc. there 
mas a small decrease of Iota) lunp capacil) avnv»cvwd by helium muinglf’ * R.02). posvibl) 
indie at inp an effect of Ihc smoke on small airmay*. There :ma« *1 m* some evidence of arousal 
and or emotional excitement, including a Uipht tachycardia tat KO-min eipovtirc. t • 0 05) 

-and a Uipht increase of forced Hint capacity (T • 0.05 art Whmih eaposarrl. Horn ever, 
dynamic lunp volume* (FivV,*. mm-i'mm, p.J *trc muttered. Examining sepa¬ 
rately the four subject* n ho claimed sensitivity to ciparctic *mole. the only significant 
difference from the remaininp asthmatic individuals mas a lertwh'* KEV,* relative to the 
corresponding time in the control rtpowtre. Oar data thus do not rappnt that asthmatic 
g rj gc tfc have aaanasyat icaUtivityto ciparctic smoke. 

INTRODUCTION 

There is now good documentation concerning the accumulation of particulate 
matter* irritant gases, and vapors that results from the smoking of cigarettes in a 
closed and poorly ventilated space (see Sebben rr <tl . 1977; Pimm ct nf.. 1978; 
Shephard tt u/,, 1978), Nevertheless, physiological responses to such pollutants 
are remarkably slight in normal adults. The breakup of the tear film is significantly 
accelerated (Basu claL. 1978). hut both acute (Pimm rtuL. I978i Shephard rr uU 
1979a)and chronic (Schilling et oL. 1977) changes of airway resistance arc usually 
small and statistically insignificant even when high concentrations of smoke have 
been used and subjects have been required to perform intermittent exercise during 
exposure (Shephard rr n/.. 1979a). 

Argument continues over ihe existence of respiratory allergies to tobacco 
smoke (Speer. 1968; Zussman, 1970; Blue. 1970; Save). 1970). Although formal 
immune responses have yet to be demonstrated, wheeling following ••passive*" 
exposure to cigarettes is more than twice as frequent in asthmatics as in non¬ 
asthmatics (Shephard rr of.. 1979b). It was thus thought of interest to make an 
assessment of symptoms and objective airw ay responses in a group or asthmatic 
adults passively exposed to controlled concentrations of cigarette smoke. 

METHODS 

Suhjrt is amt experimental plan. The subjects were 14 volunteers attending the 
Asthma Clinic of The Cage Research Institute. Physical characteristics and 
baseline lung function data arc given in Tabk I. The diagnosis was reached ae- 
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TABU. I 

■ PunilAl DukMIlKMHMM Si'ftfl t 1 % Ifcli: V* Z SO, K\Mkl|; VM> HtStllM hiun\m 
Him litis IKiaIIVimviwm I’m imi ii i>? - SI)| 


Ph> 

Men 

Women 

All fcuhjectfc 

characteristic 

<« * Vi 

** ' 5l 

<»" 14) 

Ape l>car>) 

44 * M 

»•* 



<27-*S) 

,1V--Ml 


Height tern j 

173.* i in n 

W.J.6 f k.n 



<I*I-IV4) 

1157- |7Ki 


Weight (Kg) 

73.7 r 1113 

,2:3 s 7.7 



lS4.) L K*.ll 

lS6.5-75.Ji 


FVC 

W i IV 

107 - i; 

IUI - 17 


157-12X1 

rvi-iMi 

137-12Xi 

FEV,. 

IK * IV 

•4 s 21 

74 r 21 


130-VII 

IMi-IIJl 

130-113) 


44 • 23 

Mi s JV 

52 e 30 


i«*-xn 

(21-IMH 

III*-IBM 

FRC 

VO £ I II 

WO - IK 

Vie 14 


<7*-HM| 

1*5-1251 

<7h-I25i 

RV 

V3 r 27 

VK - 27 

V3 i > 


<*3-13211 

W7-IJ6I 

1*3-1521 

TIC 

w - in 

102 r in 

too - in 


fK7-llK> 

IV4M IVi 

1X7-1 IV) 


* liascd on norms a«JopitfJ for Toronto bKmttoric* b> Toronto IntcrKoxpual Respiratory Disease 
Committee. 

cording to the standard criteria of The Gage Research Institute, namely: (i) a 
history consistent with diffuse intermittent airway obstruction, and <ii) diffuse 
expiratory bronchi and/or reversible airway obstruction demonstrated by a >15% 
increase of FEV,.* or ^ ^vr 20 min following inhalation of salbutamol. 
Associated chronic bronchitis or pulmonary emphysema was not a contraindica¬ 
tion to participation but no tests were carried out during acute respiratory infec¬ 
tions or exacerbations of the asthma. All subjects continued with their normal 
medication on experimental days (Table 2), The median mcthacholine sensitivity 
(as judged from the concentration needed to induce a 20% full of FEV, .) was 3.1 
mg/ml, and the gain of with four pufTs of satbuiamot ranged from 10 to 

341% (median 30%^ 

Each subject sat in a small (14.6 m*| room Tor 2 hr on two occasions: at one visit, 
the room contained ambient air, and on the other occasion it was heavily contami¬ 
nated by cigarette smoke from a smoking machine, the order of the experiments 
being determined by lot. A battery of lung function tests was performed before, 
during, and after exposure, and heart rates were also monitored at ID-min inter¬ 
val*. Subjects were questioned as to symptoms they anticipated on entering the 
chamber, and those they actually encountered on leaving the chamber. 

Sm»Lv xt-tu-rofitui The cigarette smoking machine was of I lie type described by 
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U’yndcr and Hoffman (1967). Prior to exposure, four cigarettes were “smoked** 
stniufniacously. with combustion of one further cigaicllcat 30-min intervals in 
order 1 14i maintain smoke concentrations. A small peristaltic pump connected to a 
series capacity vessel drew one brisk (2-scc) but controlled (35*m4 puffthrough 
the apparatus, discharging the ••mainstream*" smoke into the room after passage 
through the solenoids, capacity vessel, and pump; ‘•Sides!ream** smoke escaped 
directly into the room. 

The cigarettes used were a popular K5-mg filler type, with reported values for 
brand nicotine content of 19 and 14 mg, respectively: they were smoked to a butt 
length of about 23 mm. Preliminary* experiments established that with the pattern 
of comhustion used, a carbon monoxide concentration of 24 ppm above ambient 
was developed and sustained. The initial suspended particulate concentration was 
>4 mg/m\ but values dropped to -2 mg/m 3 over the 2-hr exposure period. 

ftihmmtry fiint tion studies, At the beginning and the end of each 2-hr experi¬ 
ment the relaxed vital capacity (RVC). functional residual capacity (FRO. re¬ 
sidual volume (RV), and total Ibng capacity (TLO were measured by a closed- 
circuit helium katharomeicr System (Collins modular lung analyzer). 

Flow/volume loops wiere measured on entering the exposure chamber, and at 
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4 
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1 
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0 
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30-ntin intervals thereafter. Flow and volume signal*, were obtained from a Flcivch 
tNo. 3) pneumotachograph and integrator. the corresponding loops being dis- 
played on a Tcetronix storage oscilloscope. At each lest, the subject was seated 
and performed three maximum forced vital capacity tFVCl maneuvers. The loop 
with the hugest FVtf was analyzed for measurements including FVC ;: the l-scc 
forced expiratory volume (FtV,«). and maximum flow rales at 255MV«.,v»*vvil' 
and 5tTr ll'au, x.wl of vital capacity. 

ilftiri rule a. The electrocardiogram was monitored by a Sanborn 300 Visicar- 
dietie recorder throughout exposure, using chest leads fixed iniihe CM* position. 
Recordings w ere made at 10,20.40. SO. 70; 80.100. and HO min for the purpose of 
counting heart rales. 

Symptoms. Subjects were asked to describe the symptoms they anticipated 
prior to entering the smoke-filled chamber. At the end of exposure, they were 
handed a list of 12 possible symptoms, and were required to rate each on a6-point 
scale, ranging from absent (0) through trace Cl), tnild (2). moderate (3); severe (4), 
and incapacitating (5). 

RESULTS 

Symptoms 

The number of symptoms reported on the questionnaire were somcwhal greater 
than the reactions anticipated by the subjects prior to exposure (Table 3). The 
biggest discrepancy was for eye irritation, marked as present by all except one 
subject on the final questionnaire, but anticipated by only 4 of 13 subjects. 

The commonest anticipated complaints were cough and nasal discharge or stuff¬ 
iness. Shortness of breath, wheezing, or lightness in the chest were expected by 
only five of the group. 

Slti lir Ijmx Volumes 

initial values for static lung volumes were on average close to normal predicted 
results (Table It. At the end of the 2-hr sham exposure. RVand TLC tended tc 
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« # ;i 

L-C. 
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u “ 1 

J-l 

1 

1 

K- C- 
('!» 

Em. Cm. 

r;i 

Ki.% Ci,7» 

i*;i 

1 vt 

102.1 •. 5.4 

nu..i * :.v 

101.(1 .* 7.4 

100.1 i4.7 

105.7 4 0.3 

100.* X 3.0 

m,.. 

105.* £ 14.4 

mn. it.* 

HIM i 11.5 

77.2 * 12.1 

102.1 t 7.7 

101.4 - 7.7 

i «.u r .to 

150.1 £ 121.0 

101* • 45.3 

72.4 .r 45.* 

**.* i 33.4 

117.J « 5* 0 

124.R .? *2.0 

5 ...II 

114.4 » 57.0 

77.* t 27.* 

7ft.4 s 22.0 

74.1 s 17.3 

102.7 * 27.0 

77 * ♦ 2* 7 


“ fe\pre*ned •* percenlapc or \ham t*|HKtire nl zero time lC.1 or at vurrespomlinp lime in *ham o|H*\urr <C*. Cm.. Cm.. C»>l. Mean t SD. 
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increase., but not Mgnificantly so (Table 4). The I RC andTLC on (he experimental 
day were largei than those measured prior to the sham exposure, the difference 
being particularly significant I/* ^ (1.(111 for the TI.C. These discrepancies were 
reversed over the 2*hr passive exposure to cigarette smoke, ami at the end of the 
experiment the TLC was less than on the sham exposure day iP < 0,02 k 

tHmimit Ijnig Volumes 

T he initial FVC was close to predicted normal values, but as would be antic?* 
pitted thete was a substantial impairment of FEV,* and V*** (Table I). Two 
hours of sham exposure tended to increase late expiratory flow rates, the trend 
being of marginal significance IP < 0.11 for V** v *<.*#• and \'mn»\ (Table 5). 
There was remarkably little chiingc or dynamic volumes during passive cigarette 
smoke exposure relative to the corresponding sham exposure, the one statistically 
significant finding tiP < 0.05) being a small increase of FVC at 90 min of exposure. 


Heart Rates 


Heart rates did not change significantly over the 2-hr sham exposure 



Subjects Ctaiminv Ci^arettH Smoke. Sensitivity 

Data were analy zed separately for the four subjects who anticipated the symp- 
lorn of w heezing during passive cigarette smoke exposure, and the ten w ho did not 
anticipate this response. On the experimental day. the ^sensitive" subgroup 
tended to an increase of residual volume, functional capacity, andi total lung 
capacity relative to other subjects (Table 7j. However, they showed a similar 
difference of behav ior during the sham exposure, so that when each individual's 
sham exposure was used as the control data cEt^Cu*#). residual volume, func* 
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tional residual capacity, and lota! lung capacity on the experimental day were 
reduced at least as much in the “sensitive** subjects as in the remainder of the 
sample. 

Taking data for the experimental day, the •"Sensitive** subgroup tended to a 
decline of dy namic lung volumes relative to the behavior of the other subjects, the 
discrepancy approaching significance for the l**r #V r (Tabk 7i. Again, there 
was a tendency for a similar discrepancy between the two subgroups on the sham 
exposure day, so that when the individuaf* sham exposure data was used as a 
control (E,*/C,r/tf h all values for “sensitive** and ""other** subjects agreed to 
within 5-65f; the only statistically significant difference was a small increase of 
FEVmi in the ""sensitive** subjects. 

DISCUSSION 

Bvhmior HrUithr to A 'omntlmwtit Suhjn tx 

The frequency and severity of most sy mptoms was much as reported for normal 
subjects exposed to a comparable concentration of cigarette smoke (Pimm ct nf, 
1978; Shephard i*r «/.t 1979aJ (Table Hi. w ith t he exception t hat almost a half of the 
asthmatic sample complained of wheeling and tightness in the chest. Coughing 
was more severe in the normal subjects, although this is probably related to the 
fact that they performed intermittent exercise and thus received a greater dose of 
smoke than the asthmatic individuals. The biter were observed while sitting at 
rest because of the problem that exercise would of itself have provoked broncho- 
spasm in this group. 

The physiological changes observed in normal subjectv during smoke exposure, 
although occasionally reaching con ventional levels of statistical significance, were 
of doubtful biological importance (Pimm rt n/.. IV7K; Shephard i7«//,. IV79ai). 
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Percentage affected 

Normal subjects 

Asthmatic subjects 
rest 

r;i 

Average symptom score 

$y mpow 

Rest 

i'h 

Intense exercise 
t r ;i 

Normal subjects 
Intense eservise 

Asthmatic subjects 
rest 

Na4.it discharge or 
stuffiness 

55 

55 

24 

0.35 

0.41 

Short new of breath 

15 

IT 

21 

0.35 

0.50 

'Vhftwiif 

to 

0 

5* 

0.00 

0.44 

Tifhtneo in chest 

5 

0 

45 

0.00 

0.4* 

Cough 

45 

5« 

5ft 

1.04 

0.54 

Sputum 

40 

It 

21 

0.04 

0.51 

t.yc irritation 

05 

02 

05 

2.47 

1,02 

Nausea 

to 

0 

0 

0.00 

0.00 

Diwiwo 

to 

25 

0 

0.43 

0,00 

Headache 

15 

25 

21 

0.54 

0*44 

Fatigue 

0 

17 

21 

0.55 

0.44 


* Percentage wf subjects reporting the sy mptum. average symptom sente based on the reported intensity of n given symptom I ran piny from 0 * absent 
10 5 • incapacitating!. 
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Findings included some increase of heart rale and respiratory minute volume, 
probably of emotional origin, a tendency of increase in functional residual capac¬ 
ity and residual volume in some experiments, and small decreases of dynamic lung 
volumes. The asthmatic subjects also showed emotional reactions to the cigarette 
smoke, including the tachycardia, and possibly the preexposure increase of FRG 
and TLC. Taking the group as a whole, there was no evidence of impairment of 
dynamic lung volumes during the passive cigarette exposure. It might be argued 
that emotional reactions to the smokc-filk'd chamber were sufficient to mask such 
a respon.se. However, we did not form the impression that subjects were unduly 
alarmed by the experiment, and the observed tachycardia after 2-hr passive smoke 
exposure was slight. We did not measure serum or urinary nicotine levels, but 
again the absence of any marked tachycardia speaks against a nicotine-mediated 
release or epinephrine. Russell and Feyembend (1975) concluded that the rapid 
excretion of nicotine made a systemic pharmacological action an improbable 
sequel to sustained passive cigarette smoke exposure. We would thus conclude 
that there was little likelihood of a sufficient increase in sympatho-adrena) activ¬ 
ity. emotional or pharmacological, to counteract cigarette smoke-induced bron- 
chospasm. 

The most interesting obser vation is the small decrease of TLC as measured by 
helium dilution (Table 4). This could imply an effect of the smoke upon the small 
airways, with an increase of gas trapping, and it would be worthwhile to extend 
observations using some more specific measures of small airway function such as 
helium flow-volume curves. 

Sensitive Subjects 

Although several of the asthmatic subjects claimed wheezing and tightness in 
the chest w*ould result from passive exposure to cigarette smoke, the physiological 
data give little support to the concept of a subgroup w ith particular sensitivity. 

On the experimental day. the group claiming sensitivity showed a tendency of 
increase in static lung volumes, and a decrease in dynamic volumes. However, 
changes were of almost equal magnitude during the sham exposure. We may thus 
hypothesize that the observed reactions arc due to the suggestibility of the sub¬ 
jects rather than a pharmacological or allergic reaction to cigarette smoke. In 
support or this view’, the only significant difference in the “sensitive" group was a 
greater FEV,.. relative to the corresponding time in the control exposure. presum¬ 
ably dbc to greater sympathetic activation and/or arousal in the smoke-filled envi¬ 
ronment. 

Implications for Air Quality Lryislulion 

While there may be valid grounds for controlling the cigarette smoke concen¬ 
tration in **public" air (Shephard cl ul.. S$79a)i the present data offer little support 
to the view that asthmatic subjects need special consideration in this regard. 
Complaints of lightness in the chest and w hcc/ing were nunc frequent than in 1 he 
general: population, but the only statistically significant physiological response 
was.a very small decrease of TLC. Further, this change was not significantly 
greater in those complaining of chest symptoms. The subjective reactions thus 


Source: https://www.industrydocuments.ucsf.edu/docs/hhnxOOOO 
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*ccm but one more manifestation of annoyance. almost universal at the concert' 
nation evaluated. ^ ^ y ^ 

value used iv^c 

TiigheM likely figure to which an asthmatic subject will be exposed (Sebben vt af., 
1977). and indeed with adequate ventilation smoke concentrations can be held to 
substantially lower figures. 

We would thus conclude that the specific sensitivity of asthmatic subjects is not 
a major consideration when determining air quality criteria for rooms contami¬ 
nated by cigarette smoke. 
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